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(54) Method of treating a aubteiranean formation 

(57) A subten-anean fomnation is treated with a par- 
ticulate-laden fluid and a treatment chemical, whereby 
particulate f lowback is reduced or prevented while also 
providing a controlled release of the treatment chemical 
within the fonnatlon. A fluid suspension including a mix- 
ture of a particulate, a tacklfying compound and the 



treatment chemical, is pumped into the formation and 
depositing therein within whereby the tacklfying com- 
pound retards release of said treatment chemical and 
also retards movement of at least a portion of the par- 
ticulate within the fomnation upon flow of fluids from the 
subten-anean fomiation. 
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Description 

[00011 This invention relates to a method of treating a subten-anean formation and, more particularly, to a method 
of providing delayed release of treatment chemicals Into a subten-anean fonnatlon in a substantially unifomri manner 

5 and, optionally, for controlling particulate solids transport during the production of hydrocartions from the fomiatlon. 
10002] Transport of particulate solids during the production of hydrocartsons from a subtenranean fomnation Is a con- 
tinuing problem. The transported solids can erode or cause significant wear in the hydrocarbon production equipment 
used in the recovery process. The solids also can clog or plug the wellbore thereby limiting or completely stopping fluid 
production. Further, the transported particulates must be separated from the recovered hydrocarbons adding further 

10 expense to the processing. , u 

[0003] The particulates which are available for transport may be present due to an unconsolidated nature of a sub- 
terranean formation and/or as a result of weU treatments placing particulates In a wellbore or formation, such as, by 
gravel packing or propped fracturing. 

[00041 ^he treatment of subterranean fomiatlons, it is common to place particulate matenals as a filter medium 

15 and/or a proppant in the near wellbore area and in fractures extending outwardly from the wellbore. In fracturing op- 
erations, proppant is carried Into fractures created when hydraulic pressure is applied to these subtenranean rocic 
formations to a point where fractures are developed. Proppant suspended in a viscosified fracturing fluid is carried 
outwardly away from the wellbore within the fractures as they are created and extended with continued pumping. Upon 
release of pumping pressure, the proppant materials renrain in the fractures holding the separated rocl< faces in an 

20 open position fonning a channel for flow of formation fluids back to the wellbore. 

[00051 Proppant flowback Is the transport of proppants back into the wellbore with the production of formation fluids 
following fracturing. This undesirable result causes undue wear on production equipment, the need for separation of 
solids from the produced hydrocariaons and occasionally also decreases the efficiency of the fracturing operation since 
the proppant does not remain within the fracture and may limit the width or conductivity of the created flow channel. 

25 Proppant flowback often may be aggravated by what is described as "aggressive" flowback of the well after a stimulation 
treatment. Aggressive flowback generally entails flowback of the treatment fluid at a rate of from about 0.001 to about 
0.1 ban-els per minute (BPM) per perforatton of the treatment fluids which were Introduced into the subten-anean for- 
mation. Such flowback rates accelerate or force closure of the fonnatlon upon the proppant introduced into the fomna- 
tlon. The rapid ftowrate can result in large quantities of the proppant flowing back into the wellbore before closure 

30 occurs or where Inadequate bridging within the fonnatlon occurs. The rapid flowback is highly desirable for the operator 
as it returns a wellbore to production of hydrocarbons signifteantly sooner than would result from other techniques. 
[00061 Currently, the primary means for addressing the proppant flowback problem is to employ resin-coated prop- 
pants or resin consolidation of the proppant whteh are not capable of use in aggressive ftowback situations. Further, 
the cost of resin-coated proppant Is high, and is therefore used only as a tail-In in the last five to twenty five percent 

35 of the proppant placement. Resin-coated proppant is not always effective since there Is some diffteulty in placing it 
uniformly within the fractures. Another means showing reasonable effectiveness has been to gradually release frac- 
turing pressure once the fracturing operation has been completed so that fracture closure pressure acting against the 
proppant buikte skjwiy allowing the proppant parttoles to stabilize before flowback of the fracturing fluid and the begin- 
ning of hydrocarbon production. Such slow retum Is undesirable, however, since it reduces the production from the 

40 wellbore until the treatment fluid is removed. 

[0007] In unconsolidated fonnatlons, it Is common to place a filtration bed of gravel In the near-wellbore area In order 
to present a physical banler to the transport of unconsolidated fonnatlon fines with the production of hydrocartwns. 
Typically, such so-called "gravel packing operations" involve the pumping and placement of a quantity of gravel and/ 
or sand having a mesh size between about 10 and 60 mesh on the U.S. Standard Sieve Series into the unconsolidated 

45 fonnatlon adjacent to the wellbore. It is sometimes also desirable to bind the gravel particles together in order to form 
a porous matrix through whteh formatton fluids can pass while straining out and retaining the bulk of the unconsolidated 
sand and/or fines transported to the near wellbore area by the formation fluids. The gravel partteles may constitute a 
resln-coated gravel whteh is either partially cured and subsequently completes curing or can be cured by an overf lush 
of a chemical binding agent once the gravel is in place, it has also been known to add various hardenable binding 

50 agents or hardenable adhesives directly to an overf lush of unconsolidated gravel in order to bind the partteles together. 
[0008] U. S. Patents 5,330,005, 6,439,055 and 5,501 ,275 disclose a method for overcoming the difficulties of resin 
coating proppants or gravel packs by the incorporation of a ftorous material in the fluW with whteh the partteulates are 
Introduced feito the subterranean fonrnation. The fibers generally have a length ranging upwardly from about 2 millim- 
eters and a diameter of from about 6 to about 200 mterons. Fibrillated fibers of smaller diameter also may be used. 

55 The fibers are believed to act to bridge across constrfcttons and orifices In the proppant pack and form a mat or frame- 
woric whteh holds the partteulates In place thereby limiting particulate flowback. The fibers typically result in a 25 percent 
or greater toss in permeability of the proppant pack that is created in comparison to a pack without the fibers. 
[00091 While this technique may function to limit some ftowback. it foils to secure the partteulates to one another in 
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the manner achieved by use of resin coated particulates. U.S. Patent 5,501 ,274 discloses a method for reducing prop- 
pant f lowback by the incorporation of thermoplastic material in particulate, ribbon or flake fomi with the proppant. Upon 
deposition of the proppant and thermoplastic material in the formation, the thermoplastic material softens and causes 
partk:ulates adjacent the material to adhere to the thermoplastic creating agglomerates. The agglomerates then bridge 

s with the other agglomerates and other particulates to prevent flowback from the fonmation. 

[0010] It would be desirable to provide a more permanent method which will bind greater numbers of partk:le8 of the 
particulate to one another whereby agglomerates may be fomied which would further assist in preventing movement 
or flowback of particulates from a wellbore or fomnation without significantiy reducing the pemieability of the particulate 
pack during aggressive flowback of treatment fluids. 

10 [0011] It is also desirable to provide a method by whk:h a substantially unifomi release of a treatnnent chemk:al such 
as a gel breaker, scale inhibitor, biockle. corrosk>n inhibitor, paraffin inhibitor or other treatment chemical may be ef- 
fected within a proppant pack In a subten-anean fonmation. It Is also desirable to be able to control the rate of release 
of the treatment chemical within the subterranean formatton. 

[0012] We have now devised a method of treating a subteranean formatton and unifonnly delivering a controlled 

'A release of a treatment chemk^al to the fomiation. 

[0013] in one aspect, the invention provides a method of treating a subterranean fonmation, whk:h method comprises 
mixing with at least a portton of parttoulate in a partculate-containing fluid suspension a liquid or solution of a non- 
hardening tackrfying compound whereby at least a portion of said particulate is at least partially coated by said com- 
pound; mixing with at least a portion of said partksulate in satol fluid suspenston a treatment chemical whereby at least 

^ a portion of sakJ treatment chemical Is contacted by said tackifying compound and at least partially coated therewith, 
whereby the tackifying compound retards release of said treatment chemk:al in said flukl suspension; and depositing 
the tackifying compound-coated particulates and treatment chemk»l in the subterranean fonmation whereby, upon 
flowing back fluid from the formation, the tackifying compound-coated treatment chemical is subsequently released 
within the subterranean fonmation to treat at least a portion of the fonmation or fluids in contact therewith. 
[0014] The method of the invention comprises providing a fluki suspension including a mixture of particulate material, 
a material comprising a liquid or solution of a tackifying compound, which coats at least a portion of the particulate 
upon admixture therewith, a treatment chemical which may be in particulate f omi or coated upon or In a substrate and, 
optionally, a hardenable resin, whch coats or is coated upon at least a portion of the partrculate, pumping the flukj 
suspension including the coated partk:ulate and treatment chemk:al through the wellbore and depositing the mixture 

30 in the fonmation. Upon deposition of proppants having been coated with the tackifying compound and optionally the 
resin material mixture in the formation the coating causes partculate adjacent to the coated material as well as the 
dispersed treatment chemical particles to adhere to the coated material thereby creating proppant agglomerates which 
bridge against other particles In the fonmation to minimize initial particulate flowback and the hardenable resin, when 
present, subsequently consolidates the particulate. 

35 [001 5] The coated material is effective in inhibiting the flowback of particulate in a porous pack having a size ranging 
from about 2 to about 400 mesh in intimate admixture with tiie tackifying compound coated particulates. 
[0016] The coated material is effective In consolidating partk:ulate into the form of agglomerates In a fomnation as a 
result of a fracturing or gravel packing treatment perionmed on a subterranean fonmation during aggressive flowback 
of the treatment fluid. 

40 [0017] In accordance with the present Invention, a llquM or solution of a tackifying compound is incorporated In an 
Intimate mixture with a particulate material such as conventional proppants or gravel packing materials together with 
an optional hardenable resin and introduced into a subterranean formation. 

[0018] As used in this specification, the temi "intomate mixture' will be understood to mean a substantially unifomi 
dispersion of the components in the mixture. The term 'simultaneous mixture' will be understood to mean a mixture 
45 of components that are blended together in the initial steps of the subterranean fonmation treatment process or the 
preparation for the performance of the treatment process. 

[001 9] The coated partksulate or proppant material may comprise substantially any substrate material that does not 
undesirably chemk^tly interact with other components used in treating the subten-anean formatton. The material may 
comprise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and tiie like. The coated 

50 material also may comprise an additional material that is admixed with a partculate and introduced into a subtenanean 
fomiation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic. 
cart)on composites, natural or synthetk; polymers or metal and the like in the form of fibers, flakes, ribbons, beads, 
shavings, platelets and the like. In tills instance, the addltfonal substrate material generally will be admixed with the 
partk:ulate in an amount of from about 0.1 to. about 5 percent by weight of the partfeulate. 

55 [0020] Surprisingly, It has been found that the additional material also may comprise porous or non-porous sufc>strates 
upon whk:h a treatnrtent chemk:al is either absort^ed or coated or even particulates or agglomerates of particles of a 
desired solid treatment chemk^l which exhibits solubility in the fonmation fluids upon contact ttierewith. The additional 
material may or may not f unctton as a proppant or gravel pack nnaterial in the subterranean fonmatton, depending upon 
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as oxidize*, enzymes or hy*olyzablo esters tha I'^^^^ '^l;"';^^ J^, «hich Is soluble in the fluids in the 
biocides. corrosion inhibitors. paraWn '"l^*^^"" """^ „ has been found that the taclcifying 

fom^tlonatthetempefatureconditionswi^inhefornw^^ 

compound, upon at least the formation by contact w«h the 

chemical by the fom^tlon flulds^The ^J^^^^'^^^^J";^^^^^^ surface tension effects of the fluids in 

fluids present m the fomiatlon. The tackrfyng ~'"P°""^ by the fommtlon fluids thereby 

contaS with the treatmem chemic^ to reduce WW 

reducing thedissolution '^^'',^'*^^J^';^^^^^^ and remain dispersed within the 

materia, causes the treatment chemical contej^ ng .acement therein. The transported 

coated particulate both <*uHn9 "jWn j 2<^J'^TJ^:;,:!ure sUg from the particutote material wKh 
treatment chemicals are not subject to the gravity sesregwi J* ritenersed in a proppant pack or gravel pack 
Which it is introduced. Thus, the treatrnent w«Sin the fom^ation. 

without undes^ed segregation °^ f ^^^^^^^ capable of f omilng at least a partial 

[00211 The tackifyhg compound compnses a UqMor a soiunon o ^ placement In the subteaanean 

coating upon the substrate •~t«'^jrt*''tl^.und mS K lolW a aSIsurf'ace cond»lons and upon InWal 
fom^atton. In some lnsta,«8». the "SJ^^Sn en^TntMhe^^^^^^^^ introduction into the subterranean for- 
admixing with the particulate ^^^^'^''^J^l '^Zn of the particulate. Compounds suitable for use 
mation become a melted liquid which a^ leart ^'J^J' J^^^^ liquid fom, or in a solvent solution will 

as a tecklfying compound «>^Prt«"">'«t«"««''y ""^^^^^ agglomemtion and will increase 

fom, a non-hardenir,g coating. ^.^^f'^^'J^^'^S^'^Z,^ by a Stream of water as hereinafter 
the continuous crttlcai resuspension velocity '^f^P^J'.""';'^^^^^ 

described in Example I by at least abou^ ^^^^I SorcmSf^^^^^^^^ i» by at least 50 per- 

active materialconcentration. ^^^'^'^''l^'^^^ZZT^Sg compounds comprise polyamides which are 
cent over particulate alone. A particularly P"^"^ 9"""^;* '^^^^^ be treated such that the polyamides 

IU,uids or in soh«nt solution at the tenjperature of the ^^'^^^'^^Z:,^ j^o the subterranean fom«tlon. A 
are. by themselves, non-hardening when f^J^^^^Z^ a commercially available polyaclds and 
particularly preferred product is a '^^^'^^^^^^^ of dibasic acids conteining some 

The reaction products are available from for commercially produced In batehwise processing of 

(00221 In general, the polyamides of the present '"''^^^^f'^^^^^^^ a polyamine. As Is well known In 

Uackls p^minatety having two "^^^ ^^^'^^taS^^^ 
the manufacturing indust^.thepohraddsandpojfi^^ 

the mildly exothemnic fomiation of the amine salt oUeaction is condensed and removed 

dration and formation of the polymer mett by Po^^'^"^^ eTvr^r ^controlled by choice and raHo of 
leaving the po^amlde. The molecular ^^'^J ^"^J^^J^S^^ amH to temilnate chain propagatton. Gen- 
feedstock, heating rate, and judteious Unreacted amines can be removed 
erally an excess of polyamine is present to P'J'^ '^^^ ^ alteed with the final condensatton reaction product 
by dlstniation. « desired. Often a -^^^^ .^-Jf^^^^ generally I. accomplished at a 
to produce a IquM solution that can 'f^y^Z^^r^. '^l^ sv^eep to remove the condensed water from the 

no ethyl piperazlne and the like. nualemary compounds by reaction with methylene chloride, dimethyl 

. ^ou Ha iititi7fid as tacklfvlng compounds Include liquids and soluttons of. for 
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larger quantities may be used, however, the larger quantities generally do not significantly increase perfomnance and 
could undesirably reduce the penneability of the particulate paclc. Preferably, the tackifying compound Is admixed with 
the particulate and treatment chemical particles introduced into the subten'anean formation in an amount of from about 
0.25 to at}out 2.0 percent by weight of the coated particulate. 

5 [0027] When the tackifying compound is utilized with another material that is to be admixed with the particulate and 
which is to be at least partially coated with the tackifying compound, such as glass fibers or the like, the compound is 
present in an amount of from about 10 to about 250 percent acthre material by weight of the glass fibers or other added 
material and generally from about 0.1 to Bboud 3 percent active material by weight of the quantity of particulate with 
which the coated material is intimately admixed. Preferably the tackifying compound is present in an amount of from 

10 about 50 to about 1 50 percent of the material which is to be at least partially coated with the tackifying compound and 
then added to the particulate. At least a portion of the tackifying compound introduced with the additional material will 
contact and coat at least a portion of the particulate with which it Is admixed. 

[0028] The hardenable resin, when present, comprises an epoxy or phenolic resin or other compound capable of 
being at least partially coated upon a parttoulate sut3strate and then cured to a higher degree of polymerization. Ex- 

'5 amples of such resins include phenol-aldehyde resins of both the resole and novolac type, urea-akiehyde resins, 
melamine-aldehyde resins, epoxy resins, furfuryl alcohol resins and the like. The curing may result from heating the 
resin to a higher temperature such as can occur with the resole resins or by the additk>n of a catalyst or crosslinker to 
the resin whteh initiates polymerizatk>n. Admixtures of resins such as the resole and novalac resins may be utilized 
wherein sufficient resole resin is incorporated to initiate polymerization in the novalac resin. Various resins are described 

^ in for example U.S. Patents 5,420,174; 5,218,038; 5,425,994 and 4,888,240 the entire disclosures of whteh are Incor- 
porated herein by reference thereto. Particularly preferred resins include epoxy resins such as "EPON 828* epoxy 
resin from Shell Chemical Company, Houston, Texas. Phenolic resins such as "Resin 1866" from Acme Resin Corpo- 
ration, Borden Division, Forrest Parte, Illinois, furan resins such as "ARS-1500" resin from Advanced Resin Systems, 
Des Plains, Illinois and novalac Resins such as "Bakellte 9282 FP" resin also available from Advanced Resin Systems. 

25 [0029] The resin is admixed with the particulate in an amount of from about 0.01 to about 5.0 percent by weight of 
the particulate. Preferably, the resin is admixed with the particulate in an amount of from about 0.05 about 1 .0 percent 
by weight of the particulate. Curing agents, catalysts or crossllnkers selected from those welt known in the art may be 
utilized with the resin to harden the resin and form a consolidated nmtrix of particulate. 

[0030] The liquid or solution of tackifying compound Interacts mechanically with the particles of particulate introduced 
30 into the subtenranean fonnatlon to limit or prevent the flowback of partk:ulates to the wellbore during initial flowback. 
When the hardenable resin is present, the tackifying compound substantially limits flowback prior to hardening and 
consolidation of the partksulates by the hardenable resin. 

The tackifying compound causes the treatment chemical particles admixed with the coated particulates to adhere to 
the coated particles and to remain unifomnly dispersed within the portion of the coated particulate to which It is added. 

35 [0031] In one embodiment, the tackifying compound, when comprised of polyamides that contain reactive sites such 
as amine groups, may be admixed and contacted with a material that has multi-functional reactive sites which are 
capable of reacting with the reactive sites on the tackifying compound to form a hard reaction product which consolidates 
the agglomerates formed by the tackifying compound. A "hard reaction producr as used herein means that the reaction 
of the tackifying compound with the multifunctional material will result in a substantially nonflowable reaction product 

40 that exhibits a higher compressive strength in a consolidated agglomerate than the tackifying compound atone with 
the particulates. One means of evaluating the consolidated agglomerate to determine whettier an increase in com- 
pressive strength has occuned is through testing with a penetrometer. Samples may be prepared comprising particulate 
coated with the tackifying compound, multifunctional material and an admixture as described herein and penetrometer 
readings can be made using equipment such as a PWG Penetrometer from Precision Scientific Company, Chicago, 

45 Illinois. Comparison of the peneti'ometer readings readily demonstrates the change that has occun^ed as a result of 
the reaction, in this instance, the tackifying compound also functions as the hardenable resin. The material having 
mutti-functtonal reactive sites include compounds such as aMehydes such as fomrialdehyde, diatdehydes such as 
glutaratdehyde, hemiacetals or aldehyde releasing compounds, diackj halides, dihalides such as dichlorides and di- 
bromides, polyackl anhydrides such as citric acid anhydride, epoxides and the like. Preferred compounds for use with 

so polyamides containing reactive sites comprise furfureUdehyde, glutaraldehyde or aldehyde condensates and the like. 
The multi-functional compound Is admixed with the tackifying compound in an amount of from about 0.01 to at)out 50 
percent by weight of the tackifying compound to effect fomiation of the reaction product. Preferably, the compound is 
present in an amount of from about 0.5 to about 1 percent by weight of the tackifying compound. 
[0032] The liquid or solution of tackifying compound and hardenable resin generally are incorporated with ttie par- 

S5 ticulate In any of ttie conventional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, 
a hydrocarbon fluid or an emulsk>n, a viscosifying agent and any of the various known breakers, buffers, surfactants, 
clay stabilizers or the like. 

[0003] Generally the tackifying compound and hardenable resin may be incorporated into flukis having a pH in the 
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but every compound useful over^^ s«me p^^^^^ 

operating range for various P™'*"f» ""^f'"^*'" «8in generally are Incorporated with the 

P034] The liquid or solution of t^ckifying confound and tt^a«»n^^ paSdngfluld along with the particulate. 
pa,ticLeasa8lrnullaneousrnlxturebyintr<^uc«onJto^^^ 

?he treatment chemteal may be Introduced in "'"^'^'^^^.^/J J^^^^^^^^^^ SSeS with m. tacklfying compound, 
compound or may adhere to the P«*culatewhch has been ^'^^"^^^f^^^^ sufficient to create at 

FraTrlng fluid Slurries are introduced into the sub^^^^^^ 

least onefracture in thefom,ation into whicj^oute^^ 

hydrocarbon production. Gravel ^^^^.^T^^^^^l^^^ ,Ue pack surrounding a screen postttoned 
the fluid can be Introduced Into ^^^l"^^^^'^''^^r.JUe paiSculate pack surrounding the wellbore 
in the welibore Where frartunng of the f onna^^^^^^^ 

then functions to prevent fines or fonm«onp«^^^^^ ^ ,„ ^ ^^^^^ 

rs— rre^^^inspec^^^^ 

t0O351 The 9^-e. packing treajrj^ ^weTZ o liut ^el^ons and we.»»re to a .eve. above the 

completion, the flukl generally is '"'^"fS, '"*°J^SSSlMkcan then be drilled or reamed out to reopen the bore 

cake. ^ , , ^..«^^i«t/>thnfiiiirf before after or simultaneously with Introduction of 

[0036] Thetacklfylngoompoundmaybentoducedlntom^^^^^^^ 

[hepartfcuia.elntothefluld.Thelk,uklorsoltJtonr^^ 

into the subterranean fomiatlon or rt may be '"♦'«*?^'2on ^ the wellbore. For example, the tacklfying 

of the treatment to place the intimate mlxtumln^^^^^^^ 

compound may be added to only the final 20 ^ll^^^^^^^Tv>^Tpan^^^ laden fluid, in this instance, 
and the hardenable resin may be added to only ttie "^^JfJ" ^0 ^^^^ i^,^^ 

the intimate mixture will fomi a tail-In to the ^eatment '^^J'^T;^^^ of the parttetes into the 

will cause the panteles to bridge on the agglomemt^^^^^^ 

wellbore with any produced fluids. -nietaj^rfyingcor^^^^ 

or into any flowllne "I^J^" ^"^^ prio^ o treatment fluW Into the subterranean 

=orrt;rnrrk^^9^^ 

Srjni::ateembod,men.,thepart.u^^^^^^^^ 
Lnab^res^prtor^a^^ng^^^^^^ 

rrouldbe added to^^jeej^.^^^^^^^^ 

[0038] Surpnsmgly. it has been found that creaXed in the subtermnean fomrMtion 
Lnelsextendngfromwelbo^perfo^^^^^ 

whteh then may be consolidated. C*'"'™'^"'*;'*™*^ hnmadiately adlacent a perforation in the wellbore. 

be used to provide a controlled erosion of the Sen-ton vetocity of the tacklfying 
The f lowback rate is controlled so to pmv.de a ^ c,i^,J^!Zi velocity. This reLlts In controlled 

compound but generalV Is maintained SSSTfold tob^very uniform in nature and 
producttooofparlk^u^f^aj^JJ^^^^^^^^^^ 

!; reteSSrAr t^ KS^ror::'riderab^ cor^o-ldates the remaning partk^^e to provkfe a 



6 



EP1 132 569 A2 



EXAMPLE I 

[0040] The evaluation of a liquid or solution of a connpound for use as a tackifying compound is accomplished by the 
following test A critical resuspension velocity is first determined for the material upon which the taclcifylng compound 
Is to be coated. The apparatus connprises a 1/2" glass tee which is connected to an inlet source of water and an outlet 
disposal line is blodced to fluid flow. A water slurry of particulate is aspirated into the tee through the inlet and collected 
within a lower portion of said tee by filtration against a screen. When the lower portion of the tee is full, the vacuum 
source Is removed and a plug is used to seal the end of the lower portion of the tee. The flow channel from inlet to 
outlet then is swabbed clean and a volumetrically controlled pump, such as a "MOYNO" pump, is connected to the 
inlet and a controlled flow of water is initiated. The velocity of the fluid is slowly increased through the inlet until the 
first particle of particulate material is piclced up by the flowing water stream. This detemiines the baseline for the starting 
of the resuspension velocity. The flow rate then is further increased until the removal of particles becomes continuous. 
This detemrtlnes the baseline for the continuous resuspension velocfty. The test then is terminated and the apparatus 
Is refilled with particulate having a coating corresponding to about 0.5 percent active material by weight of the particulate 
applied thereto. Similar trends generally are seen in the results when the concentrations tested are from about 0.1 to 
at>out 3 percent, however, the 0.5 percent level which is within the preferred application range is preferred for stand- 
ardization of the procedure. The test is repeated to detenmine the starting point of particulate removal and the velocity 
at which removal becomes continuous. The percent of velocity increase (or decrease) then is detennined based upon 
the initial or continuous baseline value. The results of several tests emptoying the prefened polyamide of the present 
invention, and conventional epoxy and phenolic resins known for use in consolidation treatments in subten^anean 
formations with 12/20 and 20/40 mesh sand are set forth below in Table t. 
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TABLE I 





*a|fciculat«;: 


Coatihg'^A^etit » \ 
; Part^iate^^ 


Perc^nt^jCJf 
Ghin< 
Start ing:pi.;f 

Sand Partic^^ 
Transpqrtv • 


yeligp^ty:-:^ 1 

Je^•^A4r;;^^•••' . '".■■1 
c|n|^fcnuous 1 

■'Saucjdi^^i'' '■ ■■■■ \ 


[ ^ 1 


2 0/40 /mesh 
sand 


None 1 


0 1 


1 ^ 1 


20/40 mesh 
sand 


1/2 percent 
polyamide 1 


192 


222 1 


I 3 1 


20/40 mesh 
sand 


1 percent 

po lyamide | 


271 


3^*1 j 


1 ^ 


20/40 mesh 
sand 


1/2 percent 
phenolic 


-0.5 




1 ^ 


20/40 mesh 
sand 


1 percent 1 
phenolic 


.9 


" -6.8 1 


1 ^ 


20/40 mesh 
sand 


1/2 percent 
epoxy 


-9 


-1.2 1 


r 


20/40 mesh 
sand 


1 percent 
epoxy 




12.2 1 


1 ^ 


1 12/20 mesh 
sand 


1/2 percent 
polyamide 


228 


173 1 


1 ^ 


1 12/20 mesh 
sand 


1 percent 
polyamide 


367 


242 1 


1 


12/20 mesh 
1 sand 


1/2 percent 
phenolic 


42 


22 1 


1 


1 12/20 mesh 
I sand 


1 percent 
phenolic 


42 


13 


1 


1 12/20 mesh 
sand 


1/2 percent 
epoxy 






1 


j 12/20 mesh 
I sand 


1 percent 
epoxy 


1 ^ 


15 1 



EXAMPLE il 

Und and sand indudlngatacKifyingconrp^ 

approved simulated fractureflowcett.-n«cell<»rt^^^^^ ^ ^ ^^y^ ^ 

inches m height, about 7 Inches In J^Sl^aqueous sluny or a gelled fluid contalninB 40 

packedwith 20/40 mesh ^^^"^^^^tT^Tu^I^ 0.3 Inch hole at one end to simulate a 
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determined. 

[0044] The cell then was cleaned and packed with another proppant pack for testing. The tested materials are set 
forth In Table tl.betow. 



TABLE ZX 











."-fi^-:ratb^;^^^ - 
ml/itfin AT.^raiCH 

FAigLDRB. Occurs 

•*. :•"• . :.; 




1 


water 


None 


84 


15 


2 


gel 


None 


90 




3 


gel 


1% by wt 
polyamide 


180 


20 


4 


gel 


2% by wt 
polyamide 


384 


25 


5 


gel 


1% by wt 
polyamide and 1% 
out Bakellte 9282 

FP resin 


>3000^ 


30 


6 


gel 


1% by vrt: 
polyamide ouid 1% 
by wt Bakelite 
9282 FP resin 


>2600' 



^' pack heated at 250^F for 72 hours before testing, no 
sand production during test 

2. pack heated at 180^F for 4 hours before testing no 
sand production during test 



40 EXAMPLE III 

[0045] The controlled release properties of the method of the present invention are determined by comparison to 
breaker solutions, untreated substrates containing breakera and substrates containing breaker including a tackifying 
compound. 

45 [0046] The breaker utilized comprised sodium persulfate. The solution was prepared by dissolving 3 grams of sodium 
persulfate in 100 ml of deionized water. The particular substrates utilized comprised diatomaceous earth and amor- 
phous silica. The diatomaceous earth substrate was prepared by dissolving 5 grams of sodium perButfate in 10 ml of 
deionized water to whbh was added 1 0 grams of diatomaceous earth. The sample then was dried for 24 hours In a 
1 40* F. vacuum oven. The sample material has a concentration of 0.5 gram sodium persulfate per gram of diatomaceous 

so earth. The amorphous silica substrate was prepared by dissoh^ing 5 grams of sodium persulfate in 1 0 ml of deionized 
water to which was added 5 grants of amorphous silica. The sample then is fried for 24 hours in a 1 40* F vacuum oven. 
The sample material has a concentration of 1 gram sodium persulfate per gram of amorphous si{k». 
[0047] The samples are admixed with a quantity of a crosslinked hydroxypropylguar containing fluid. The gelled flukl 
is prepared by hydrating hydroxypropylguar in tap water in an amount of 25 pounds per 1 000 gallons of fluid. A liqukf 

S5 boratecontainingcrossllnkersucha8describedlnU.S.Patem5,827,804issuedOctoK)er27J 998,theenti^ 

of which is incorporated herein by reference, then was admixed with the gelled fluid in an amount of 2 gallons per 1 000 
gallons of fluid. The crosslinked fluid then Is admixed with a quantity of 20-40 mesh sand, tackifying compound and 
breaker or substrate loaded breaker In a concentration of 2 lbs. sodium pereutfate per 1 000 galtons of fluid. The tack- 
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15 



20 



Hvlna compound was admixed with the sand and substrate prior to admixture with the crosslinked gel resulting in a 
partial coating of the substrate with the tacklfying compound. The tacldfying compound Is present In an amount of 1 ^2 
percent by weight of the sand present. Each sample Is placed in a beaker and heated to 1 50*F In a hot water bath. A 
designated Intervals, the viscosity is measured on a Model 35 FANN^- Viscometer. The results of the tests are set 
forth In the Table 111, betow. 

TABLE III 



Sample No: 


Breaker 


pH 


Tacklfying Compound Present 


Viscosity, cp 


0.5hr 


Ihr 


2hr 


3.5hr 


1 


LS 


8.47 


No 


C 


C 


1.5 


1 


2 


LS 


8.40 


Yes 


C 


C 


5 


2.5 


3 


DE 


8.45 


No 


C 


C 


1.5 


1 


4 


AS 


8.47 


No 


C 


c 


3 


1.5 


5 


DE 


8.48 


Yes 


C 


c 


9 


3 


6 


AS 


8.43 


Yes 


C 


c 


80 


5 



LS : liquid breaker solution 
DE : diatom^eous earth substrate with breaker 
AS : anrK>rphou8 slltoa substrate with breaker 
C : fully crosslinked fluid 
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[0048] Theresultsclearlydemonstratethetacklfyingcompounddelayedthereleaseofthebreakerfromthesubstrate 
material 

[00491 While the present invention has been described with regard to that which is currently considered to comprise 
the preferred embodiments of the invention, other enibodlments have been suggested and still other embodiments will 
occur to those individuals skilled In the art upon receiving the foregoing specification. It is intended that all such em- 
bodiments shall be Included within the scope of the present invention as defined by the claims appended hereto. 



Claims 

35 

1 A method of treating a subterranean f omiatton. which method comprises mixing with at least a portion of particulate 
in a partteulate-contalning fluid suspension a llqukJ or solution of a non-hardening tacklfying compound whereby 
at least a portion of said particulate Is at least partially coated by said compound; mixing with at least a portion of 
said particulate In said fluid suspension a treatment chemteal whereby at least a portton of saki treatment chemteal 

^ is contacted by said tacklfying compound and at least partially coated therewith, whereby the tacklfying compound 

retards release of said treatment chemical In said fluid suspension; and depositing the tackifying compound<oated 
parttoulates and treatment chemteal In the subterranean fonmatlon whereby, upon flowing back fluid from the for- 
mation, the tackifying compound-coated treatment chemical is subsequently released within the subtenranean 
formation to treat at least a portion of the formation or flukis In contact therewith. 

45 

2 A method according to daim 1 , wherein said partteulate^ontalnlng fluid suspension is formed by introducing a 
treatment fluid into said subterranean fonnation; admixing with at least a portion of said fluid, a partteulate whteh 
Is to be Introduced Into and deposited within a fracture; and wherein saM tackifying compound comprises a polya- 
mkie and said at least a portion of said partfcuiate at least partially coated by said compound ts such that the critteal 

^ resuspension velocity of saki at least partially coated particulate is increased by at least 30 percent when tested 

at a level of 0.5% active material by weight over said partteulate alone with water. 

3. A method according to dalm 2, wherein said coated partteulate has a critical resuspension velocity In excess of 
100 percent over sakI particulate atene. 

55 

4. A method according to claim 2 or 3, wherein saki polyamkte comprises predominantiy a condensation reactten 
product of a dimmer add containing some trimer and higher oligomers and some monomer acids with a polyamine. 
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5. A method according to claim 1 , wherein said fluid suspension including a mixture of a particulate material and 
another material comprising a treatment chemical which are at least partially coated with a liquid or solution of a 
non-hardening tackifying compound, is introduced into the subterranean fomiation through the wellbore. 

5 6. A method according to any of claims 1 to 5, wherein said tackifying compound is admixed with said particulate in 
an amount of from 0.1 to 3.0 percent by weight of said particulate, preferably In an amount of from 0.25 to 2 percent 
by weight of said particulate. 

7. A method according to any of claims 1 to 6, wherein said tackifying compound is a polyamide, polyester, polyether, 
10 potycarbamate, polycarbonate, styrene-butadiene latex, a natural or synthetic resin, or any mixture of two or more 

thereof. 

8. A method according to any of claims 1 to 7, wherein said treatment chemical comprises a scale inhibitor, biocide, 
breaker, buffer, paraffin Inhibitor or corrosion inhibitor or any mixture of two or more thereof. 

15 

9. A method according to any of claims 1 to 8, wherein saki treatment chemk:al is coated upon or absorbed upon an 
Inert porous substrate or a non-porous substrate. 

10. A method according to claim 1 , wherein sakj tackifying compound comprises at least one member selected from 
^ polyamides, polyesters, polyethers, polycarijamates, polycarbonates, styrene-butadiene latticies and natural and 

synthetic resins. 
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